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Abstract
DNA sequence-based identification of pathogens from ocular
samples of patients with clinically suspected eye infections was
accomplished using 16S and internal transcribed spacer (ITS)
ribosomal RNA gene sequence analysis. PCR was positive for 24
of 99 samples tested. Both culture and 16S rDNA sequence
analysis identified Pseudomonas aeruginosa, streptococci and
Enterobacteriaceae. Isolates misidentified as Burkholderia cepacia
by biochemical tests were identified as Ralstonia mannitolilytica by
16S rDNA sequence analysis. Sequence analysis identified the
following microorganisms from 19 culture-negative samples:
Haemophilus influenzae, Sphingomonas sp., Klebsiella pneumoniae,
Staphylococcus haemolyticus, Morganella morganii, Mycobacterium
sp., Chryseobacterium sp., Pseudomonas saccharophila (Xanthomo-
nas) and the fungus, Phaeoacremonium inflatipes.
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Introduction
Identifying the aetiological agent in clinically suspected eye
infections can be frustrating. Conventional laboratory tests
such as Gram stain and culture may give negative results
because of the relatively small sample size of aqueous (100–
150 lL) and vitreous (200–400 lL) humour. Other possible
limitations are the adherence of the microorganism to solid
surfaces (intraocular lens and capsule) thereby contributing
to a low microbial load in the liquid sample, previous empiri-
cal use of broad-spectrum antibiotics and the fastidious nat-
ure of some microorganisms [1]. Cognizant of these
limitations, 16S rRNA gene sequence analysis [2] and rRNA
internal transcribed spacer (ITS) region [3] have been
reported as excellent choices for identifying unknown or
non-culturable bacteria or fungi, respectively, in the absence
of a priori knowledge.
This paper describes the PCR-based detection and DNA
sequence-based identification of microbial pathogens from
ocular samples of patients with clinically suspected eye infec-
tions by 16S rRNA (bacteria) and ITS rRNA (fungi) gene
sequence analysis. These molecular techniques were com-
pared with conventional microbiological methods.
Materials and Methods
Ethical clearance for the study was given by the Institutional
Ethics Review Board. Ocular samples, consisting of vitreous
aspirate, anterior chamber tap, and other specimens from
the eye, were obtained with informed consent from patients
diagnosed with clinically suspected eye infections at the
International Eye Institute of St Luke’s Medical Centre and
other metropolitan hospitals (Table 1). Each sample was
analysed by bacterial culture (MacConkey agar, blood agar
and tryptic soy agar), Gram stain and PCR. Biochemical
characterization of the isolates using the Becton Dickinson
BBL Crystal Identification System was performed (Becton
Dickinson, Franklin Lakes, NJ, USA).
DNA was extracted using the QIAGEN QIAamp DNA
Mini kit (Qiagen, Valencia, CA, USA). PCR was performed to
amplify the 16S rRNA gene using the QIAGEN Taq PCR
Core kit, as follows: PCR mix—PCR-grade H2O to make
final volume of 25 lL; 2.5 lL 10· buffer; 3.0 lL Q Solution;
0.2 lL dNTPs; 0.2 lL forward primer (8FPL: 5¢-AGT TTG
ATC CTG GCT CAG-3¢); 0.2 lL reverse primer (806R:
5¢-GGA CTA CCA GGG TAT CTA AT-3¢; [4]; and 0.18 lL
Taq polymerase; 2 lL (c. 10 ng) of genomic DNA extract or
PCR-grade water was added. The reaction was placed in a
G-Storm Gene Technologies Gradient Thermal Cycler (Gene
Technologies, Braintree, Essex, UK) set to the following con-
ditions: initial denaturation at 95C for 10 min, followed by
30 cycles of: denaturation at 95C for 1 min, annealing at
51C for 1 min and extension at 72C for 2 min, and then,
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final extension at 72C for 7 min. The 834-base-pair ampli-
fied product was visualized by agarose gel electrophoresis.
Samples that were negative for 16S rRNA gene were then
analysed for rRNA ITS region by PCR as follows: PCR
Mix—PCR-grade H2O to make final volume of 25 lL; 2.5 lL
10· buffer; 3.0 lL Q Solution; 0.3 lL dNTPs; 0.2 lL forward
primer (ITS-1: 5¢-TCC GTA GGT GAA CCT GCG G-3¢);
0.2 lL reverse primer (ITS-4: 5¢-TCC TCC GCT TAT TGA
TAT GC-3¢) [5]; and 0.18 lL Taq polymerase; 2 lL (c.
10 ng) of genomic DNA extract or PCR-grade water was
added. The reaction was placed in a G-Storm Gene Technol-
ogies Gradient Thermal Cycler set to the following condi-
tions: initial denaturation at 94C for 5 min, followed by 40
cycles of: denaturation at 94C for 1 min, annealing at 50C
for 1 min and extension at 72C for 90 seconds and then,
final extension at 72C for 7 min. The 560-base-pair ampli-
fied product was visualized by agarose gel electrophoresis.
The PCR products were submitted to Macrogen, Inc.
(Seoul, Korea) for DNA sequencing. DNA sequences
were analysed using CHROMASLITE (Technelysium Pty. Ltd.,
Tewantin, QLD, Australia) and BIOEDIT (Ibis Therapeutics,
Carlsbad, CA, USA) software. Comparison with 16S and ITS
rRNA gene sequences in GenBank (National Center for Bio-
technology Information, National Institutes of Health, Beth-
esda, MD) was performed using the BLAST.
Results
Ninety-nine samples from 62 patients, including four control
(non-infected) samples (Table 1), were tested for the pres-
ence of microbial pathogens by direct Gram-staining, conven-
tional microbiological culture techniques and PCR. Five
samples were shown to harbour Gram-negative bacilli and
the rest, including the controls, were negative by direct
Gram stain. Seven (7%) of the 99 samples produced colonies
when inoculated in MacConkey agar, blood agar, or tryptic
soy agar media. All four control samples were negative for
the presence of bacteria by direct Gram stain, conventional
culture and PCR. All water blank reactions were negative for
amplified rDNA.
The PCR of the 16S rRNA gene was positive in 24 sam-
ples from patients with clinically suspected eye infections. Of
these, 17 were deemed non-culturable in three culture media
used. Identification of bacteria was made on the basis of
DNA sequences (BLAST) found in GenBank (National Cen-
ter for Biotechnology Information, National Institutes of
Health). Table 2 presents the results of the biochemical tests
and 16S rRNA gene sequence analyses in identifying the path-
ogen bacteria in a sample. The percentage similarity of the
16S rRNA sequences from each sample in comparison to ref-
erence sequences in the GenBank database is also given. The
isolates from two samples belonging to one patient was
misidentified as Burkholderia cepacia by biochemical tests, but
was unequivocally identified as Ralstonia mannitolilytica by 16S
rRNA gene sequence analysis. The misidentification of
R. mannitolilytica as Pseudomonas fluorescens or Burkholderia
cepacia has been reported in nosocomial infections, such as
meningitis [6] and cystic fibrosis. The case reported here
involves a 63-year-old man who had worked as a gardener in
a florist shop who sought medical attention for a ‘red eye’
condition. Pseudomonas aeruginosa was identified by both cul-
ture and 16S rRNA gene sequence analysis in two samples
(vitreous aspirate and corneal scraping) from a patient (53-
2007) who had undergone cataract surgery via phaecoemulsi-
fication and developed a painful ‘red eye’ condition because
of inflammation 4 days after surgery. For sample 04a-2004,
results gave 99–97.9% identity with an uncultured bacterium,
98.7–98.5% with Streptococcus oralis and 98–97% with an
uncultured Streptococcus sp. Biochemical characterization of
the isolate identified it as either Streptococcus sanguis or Strep-
tococcus constellatus. In the case of sample 05b-2004, both the
biochemical tests and 16S rRNA gene sequence signified the
presence of bacteria belonging to the Enterobacteriaceae in
the sample, but were unable to identify the exact species.
Table 3 gives the results for 17 of 24 samples sequenced
that failed to produce colonies on conventional media, but
harboured bacterial pathogens that were identified as
Sphingomonas sp. (12a/b-2004), Pseudomonas saccharophila
(13b-2004), Haemophilus influenzae (22b/c-2005), Klebsiella
pneumoniae (24-2005 and 44a/b-2006), Chryseobacterium sp.
(27-2005) Staphylococcus haemolyticus 35a/b-2005), Mycobac-
terium abscessus and Mycobacterium sp.(38a and b-2005,
respectively), Morganella morganii (46a-2006, 47a/b-2006)
and an uncultured bacterium from corneal scraping
(49-2006).
Only one sample (13a-2004) tested positive for fungal
rRNA ITS region with DNA sequence analysis showing 99%
homology to Phaeoacremonium inflatipes.
TABLE 1. Ocular samples from cases of infectious uveitis
used in this study
Specimen Number





()) Controls—Anterior chamber tap 4
Total 99
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Discussion
Most of the microorganisms identified in this study by gene
sequence analysis have been reported to cause infections in
immunocompromised individuals and postoperative patients
and to cause suboptimal asepsis in the use of contact lenses.
Several reports have been published associating P. aeruginosa
with ophthalmological infections [7,8]. Previous studies have
reported the identification of streptococci in endophthalmitis
samples by PCR-restriction fragment length polymorphism of
the 16S rRNA gene [9,10] and in conjunctivitis by PCR and
denaturing gradient gel electrophoresis fingerprinting of the
same gene [11]. Several species of the family Enterobacteria-
ceae have been identified in endophthalmitis and conjunctivi-
tis [11,12]. A case of postoperative endophthalmitis caused
by Sphingomonas paucimobilis has been reported [13] as has
an infection with H. influenzae associated with use of contact
lenses [14]. A case of keratitis has been attributed to
Chryseobacterium meningosepticum [15]. K. pneumoniae has
been cited as a causative agent of endophthalmitis arising as
a complication of liver abscess [16]. M. abscessus has been
associated with keratitis following LASIK treatment [17,18].
Postoperative endophthalmitis caused by infection with Mor-
ganella morganii in a Filipino female patient in the USA has
been described [19].
This is probably the first report of the association of
P. inflatipes with an ophthalmological infection. This fungus
has been reported as the aetiological agent of an invasive
infection accompanying severe aplastic anaemia in a child.
Other cases of human infections of Phaeoacremonium species
included subcutaneous abscess, arthritis, infected cysts and
disseminated infections [20].
Sequences obtained in this study were of good quality. A
few ambiguities were resolved by proofreading the electro-
pherograms and repeating the sequencing. Variability
between sequences was controlled by using the consensus
sequence of both forward and reverse strands. There exists
no clear-cut unanimous definition of bacterial genus or
species by rRNA gene sequence comparisons, although 16S
TABLE 3. Identification of uncul-
tured bacterial pathogens of the
eye by 16S rRNA gene sequence
analysis
Sample # Specimen
Bacterial species used as reference
Biochemical test
profiling
16S rRNA gene sequence
(%identity; nt)a
12a-2004 Anterior chamber tap No growth after 72 h Sphingomonas sp. (97%; 633/641)
12b-2004 Vitreous tap No growth after 72 h Sphingomonas sp. (98%; 624/636)
13b-2004 Vitreous tap No growth after 72 h Pseudomonas saccharophila (98%; 759/774)
22b-2005 Anterior chamber tap No growth after 72 h Haemophilus influenzae (99%; 610/615)
22c-2005 Vitreous tap No growth after 72 h Haemophilus influenzae (99%; 609/615)
24-2005 Eyeball No growth after 72 h Klebsiella pneumoniae (99%; 733/737)
27-2005 Vitreous tap Budding yeast cells Chryseobacterium sp. (94%; 530/652)
35a-2005 Anterior chamber tap No growth after 72 h Staphylococcus haemolyticus (99%; 723/725)
35b-2005 Vitreous tap No growth after 72 h Staphylococcus haemolyticus (99%; 723/724)
38a-2005 Anterior chamber tap No growth after 72 h Mycobacterium abscessus (96%; 691/714)
38b-2005 Vitreous tap No growth after 72 h Mycobacterium sp. (96%; 658/679)
44a-2006 Anterior chamber tap No growth after 72 h Klebsiella pneumoniae (96%; 432/449)
44b-2006 Vitreous tap No growth after 72 h Klebsiella pneumoniae (96%; 431/446)
46a-2006 Anterior chamber tap No growth after 72 h Morganella morganii (96%; 580/604)
47a-2006 Anterior chamber tap No growth after 72 h Morganella morganii (94%; 570/604)
47b-2006 Vitreous tap No growth after 72 h Morganella morganii (94%; 561/594)
49-2006 Corneal scraping No growth after 72 h Uncultured bacterium (99%; 671/677)
aPercentage identity and sequence lengths compared.
TABLE 2. Identification of bacterial
pathogens of the eye based on bio-
chemical test profiles and 16S
rRNA gene sequence analysis
Sample # Specimen
Bacterial species used as reference
Biochemical test profiling
16S rRNA gene sequence
(% identity; nt)a
3a-2004 Vitreous tap Burkholderia cepacia Ralstonia mannitolilytica (99%; 778/780)
03c-2004 Vitreous aspirate Burkholderia cepacia Ralstonia mannitolilytica (99%; 748/749)
04a-2004 Anterior chamber
tap
Streptococcus sanguis Uncultured bacteria (99%; 766/770)
Streptococcus oralis (98%; 754/765)
Streptococcus sp. (98%; 765/778)
04b-2004 Vitreous tap Streptococcus constellatus Uncultured Streptococcus (97%; 594/607)
05b-2004 Vitreous tap Hafnia alvei Enterobacter cloacae Hafnia alvei (98.5; 605/611)
Escherichia coli (98.5; 605/611)
Salmonella enterica (98.5; 605/611)
53a-2007 Vitreous tap Pseudomonas aeruginosa Pseudomonas aeruginosa (99%; 740/741)
53b-2007 Corneal scraping Pseudomonas aeruginosa Pseudomonas aeruginosa (99%; 746/752)
aPercentage identity and sequence lengths compared.
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rRNA gene sequence-based classification has become the
reference standard. Various texts report different values
used to define a species, from a range of about 0.5–1% dif-
ference (99–99.5% similarity or 0 to <0.8 to 2.0% dissimilar-
ity) [2]. At the genus level, a difference of more than 5–7%
is considered. There are also several exceptions in which this
method fails to differentiate among a limited number of spe-
cies, e.g. some non-tuberculous mycobacteria (unpublished
data from this laboratory).
Our results show the usefulness of DNA sequence-based
classification over conventional phenotypic characterization
of microbial pathogens. Its use can also lead to the identifica-
tion of novel pathogens, such as Ralstonia mannitolilytica and
Phaeoacremonium inflatipes. However, in this study, speciation
was not achieved for some samples. This could be because
of the presence of more than one species in the sample
(streptococci and Enterobacteriaceae) or the limited range
of reference sequences in the GenBank database (Sphingo-
monas and Chryseobacterium).
Ribosomal RNA gene sequence analysis and PCR have suc-
cessfully identified both common and unusual microbial patho-
gens of the eye. In the case of isolates obtained by routine
culture, the method has confirmed (Streptococcus sp., Entero-
bacteriaceae, Pseudomonas aeruginosa) or corrected (Ralstonia
mannitolilytica) the identification made phenotypically. The
greater advantage of this technique, however, lies in its capa-
bility to identify bacteria that may be difficult or impossible to
culture (Haemophilus influenzae, Mycobacterium sp.). This infor-
mation is invaluable in arriving at an accurate clinical diagnosis
which could translate to improved clinical outcomes.
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